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PRECOAT FILTRATION OF COAL L I Q U I D  
FEASIBILITY STUDY OF BOTTOM ASH PRECOAT 

J . K .  Shou, D.J.  C o l l i n s ,  D.M. Do and R.P. Schar f f  
I n s t i t u t e  f o r  Mining and Minera ls  Research 

U n i v e r s i t y  of Kentucky 
I r o n  Works P i k e  Box 13015 
Lexington ,  Kentucky 40583 

ABSTRACT 

I n  t h i s  work, t h e  s u i t a b i l i t y  of u s i n g  c o a l  bottom ash a s  a 
p r e c o a t  m a t e r i a l  f o r  p r e s s u r e  f i l t r a t i o n  of l i q u e f i e d  c o a l  was 
s t u d i e d  exper imenta l ly .  F i l t r a t i o n  of SRC I f i l t e r  f e e d  was 
accomplished i n  a l a b o r a t o r y  f i l t r a t i o n  u n i t  (1.5 i n 2 )  u s i n g  both 
c o a l  bottom ashes  and a commercial diatomaceous f i l t e r  a i d  ( c e l i t e  
550). F i l t r a t i o n  experiments  were c a r r i e d  out  a t  t empera tures  
r a n g i n g  from 150°C t o  200"C, and p r e s s u r e  d i f f e r e n t i a  ranging  from 
35 p s i d  t o  100 ps id .  Both m a t e r i a l s  were comparable i n  terms of 
t h e  r e s i s t a n c e  of t h e  cake and p r e c o a t  media t o  f i l t r a t i o n .  Also 
both  gave f i l t r a t e s  wi th  less than 0.1% a s h  and 0.7% s u l f u r ,  thus  
meet ing  EPA combustion emiss ion  s t a n d a r d s .  

INTRODUCTION 

For  many c o a l  l i q u e f a c t i o n  p r o c e s s e s ,  p r e c o a t  p r e s s u r e  f i l t r a -  

t i o n  has been demonstrated as an e f f e c t i v e  technique  f o r  

s e p a r a t i n g  ash-forming m a t e r i a l s  a s  w e l l  a s  unconverted c o a l  from 

t h e  very v iscous  l i q u e f i e d  c o a l .  P r e c o a t i n g  t h e  f i l t e r  medium i s  

n e c e s s a r y  because t h e  l a r g e  amount of sub micron s i z e  p a r t i c l e s  

could  e a s i l y  b l i n d  t h e  pores  of t h e  f i l t e r  medium. C u r r e n t l y ,  
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202 SHOU ET AL. 

diatomaceous type filter aids are used as precoat materials. 

Although adequate supply of diatomite pose no major difficulty to 

the filter aid requirement for a major synthetic fuel facility, 

its relatively high price will render precoat pressure filtration 

in coal liquefaction unattractive. Based on the current price of 

diatomaceous filter aids, $160/ton, the annual costs of diatoma- 

ceous filter aid for a 25,000 TPD plant could range from $5 

million to more than $75 million, depending on filtration process 

and specific equipment used in the process (1).  

Innovative ideas such as use of raw coal, char ( 2 , 3 )  and fly 

ash ( 4 , 5 )  as economic substitutes of diatomaceous filter aid have 

been proposed. However, only the former are shown to be effec- 

tive. The purpose of this study is to investigate experimentally 

the feasibility of using coal bottom ash as a precoat material for 

pressure filtration of liquefied coal. If coal bottom ash can be 

used effectively as a filter aid, the economics of precoat 

pressure filtration would be more attractive. 

Filtration rate data, for both coal bottom ashes and a commer- 

cial precoat material, will be analyzed to determine the filtra- 

tion parameters such as cake resistance and compressibility. 

These parameters, together with rate data and ash content of the 

filtrate, will be used as a basis to evaluate the relative perfor- 

mance of bottom ash as a precoat. 

PRECOAT MATERIALS 

A good filter aid, whether used as a body feed or as a precoat 

material should meet three basic requirements. First and the most 
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PRECOAT FILTRATION OF COAL L I Q U I D  203 

i m p o r t a n t ,  it should be inexpens ive .  Secondly, i t  should have a 

narrow p a r t i c l e  s i z e  range and a v a r i e t y  of p a r t i c l e  shapes f o r  

a c h i e v i n g  t h e  d e s i r e d  cake permeabi l i ty .  T h i r d l y ,  i t  should be 

chemica l ly  and mechanical ly  s t a b l e  under o p e r a t i n g  process  con- 

d i t i o n s  and environments. 

The coa l  bottom a s h ,  composed p r i m a r i l y  of c o a r s e r ,  h e a v i e r  

a s h  p a r t i c l e s ,  is  g e n e r a l l y  a n g u l a r  with a porous s u r f a c e .  While 

t h e  chemical composi t ion of c o a l  bottom ash may vary due t o  geo- 

l o g i c  and geographic  f a c t o r s ,  t h e  major c o n s t i t u e n t s  a r e  s i l i c a ,  

a lumina ,  i r o n  oxide and calcium oxide.  For  example, t h e  Kentucky 

c o a l s  (Nos. 4 ,  9 ,  and 11) produce bottom ashes t h a t  c o n t a i n  s i l i c a  

r a n g i n g  from 46 t o  52  p e r c e n t  and alumina ranging  from 20 t o  44 

p e r c e n t  (6) .  Also,  c o a l  bottom ash w i l l  c o n t a i n  c e r t a i n  amounts 

of  unburnt  carbon or  char .  However, t h i s  should  only enhance the  

bot tom ash as a f i l t e r  a i d ,  s i n c e  carbon i t s e l f  i s  a very good 

f i l t e r  a i d .  

EXPERIMENTAL 

T h i s  exper imenta l  i n v e s t i g a t i o n  was c a r r i e d  out  i n  a 

t o r y  bench-scale  high tempera ture  and p r e s s u r e  f i l t r a t i o n  

t u s  ( F i g u r e  1). The f i l t e r  had a 1.49 s q u a r e  inch e f f e c t  

abora-  

appara-  

ve 

f i l t r a t i o n  area. It was equipped wi th  an i n - l i n e  weighing d e v i c e  

s o  t h a t  p r e c i s e  r a t e  d a t a  could be obta ined .  I n  o r d e r  t o  minimize 

f i l t r a t e  vapor  loss, t h e  f i l t e r  was a l s o  equipped wi th  a 

p r e s s u r i z e d  f i l t r a t e  r e c e i v e r .  

( F i g u r e  2)  was composed of two s e p a r a t e  compartments. One com- 

par tment ,  equipped with a canopy exhaus t  hood, housed a l l  of t h e  

The complete f i l t e r  appara tus  
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204 SHOU ET AL. 

I Variable Speed Motor 
2 Nitrogen In 
3 Thermocouple to Recorder 
4 To Two-Stage Condensation Loop 
5 Safety Valve 
6 Pressure Mlxing Tank 
7 High Pressure Valve 
8 Differential Pressure bad-Out 
9 Differential Pressure Transducer 
I0 Precoat Filter 
I I Pressure Gauge 
I 2  Calculator 
I 3 Digital Converter 
I 4 Pressure Vessel 

@ I 5  Filtrate Reciaver 
I6 Mapnetic Weiohing Cell 
17 in-Line filter 

@ * FJ - - - - - - - 

& +- 0 

L 

FIGURE 1. HIGH TEMPERATURE AND PRESSURE FLOW DIAGRAM 
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PRECOAT FILTRATION OF COAL LIQUID 

FIGURE 2.  HIGH PRESSURE AND TEMPERATURE 
PRECOAT FILTRATION EQUIPMENT 

205 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



206 SHOU ET AL. 

p r e s s u r e  v e s s e l s  and i n t e r c o n n e c t i n g  p ip ing .  The o t h e r  compart- 

ment housed the  process  c o n t r o l  and r e c o r d i n g  ins t ruments .  

The exper imenta l  o p e r a t i n g  procedure s t a r t e d  with charg ing  t h e  

s l u r r y  mixing tank wi th  f i l t e r  f e e d ,  h e a t i n g  up t h e  system t o  t h e  

predetermined tempera ture ,  and p r e s s u r i z i n g  t h e  feed mixing tank 

and f i l t r a t e  r e c e i v i n g  tank with n i t r o g e n  t o  t h e  d e s i r e d  p r e s s u r e  

l e v e l s .  Then t h e  f i l t r a t i o n  process  was s t a r t e d .  The f i l t r a t e  

c o l l e c t e d  i n  t h e  r e c e i v e r  was weighed cont inuous ly  by a load c e l l .  

A d i g i t a l  t r a n s d u c e r  conver t s  s i g n a l  t o  weight  i n  grams which was 

recorded  a s  a f u n c t i o n  of time. When t h e  f i l t r a t i o n  was complete, 

a hea ted  stream of n i t r o g e n  gas was in t roduced  i n t o  t h e  p r e c o a t  

f i l t e r  u n t i l  t h e  load c e l l  i n d i c a t e d  no s i g n i f i c a n t  weight 

i n c r e a s e  i n  t h e  f i l t r a t e  r e c e i v e r .  The f i l t e r  was then  cooled 

down by forced  a i r  c i r c u l a t i o n .  The precoa t  f i l t e r  was 

disassembled and c o n t e n t s  removed f o r  a n a l y s i s .  A f t e r  cool ing  

down t o  ambient tempera ture ,  t h e  f i l t r a t e  c o l l e c t e d  i n  t h e  

r e c e i v i n g  tank was removed f o r  ash and s u l f u r  conten t  a n a l y s i s .  

P r e c o a t i n g  t h e  f i l t e r  suppor t  medium, which i s  a porous 

s t a i n l e s s  s t e e l ,  was done s e p a r a t e l y  and p r i o r  t o  each experiment .  

The one inch precoa t  was a p p l i e d  by s l u r r y  d e p o s i t i o n .  

Bottom ashes genera ted  from Kentucky c o a l s  were s e l e c t e d  f o r  

t h i s  s tudy.  A commercial diatomaceous f i l t e r  a i d  was a l s o  

s e l e c t e d  f o r  a p a r a l l e l  s tudy  and served  a s  a r e f e r e n c e .  I n  o r d e r  

t o  unders tand  t h e  p a r t i c l e  s i z e  range e f f e c t  on f i l t r a t i o n ,  t h e  

ground bottom ash was c l a s s i f i e d  i n t o  two d i f f e r e n t  but narrower 

s i z e s .  A l l  t h r e e  s i z e s  of ash p a r t i c l e  were used a s  precoa t .  
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PRESSURE 
DIFFERENTIA 

Experimenta4 ryns were done at various temperature and 

pressure differentials using SRC filter feed as feedstock. 

Filtration experiments carried out to date have been under maxium 

temperature of 200°C and maximum pressure differentia of 100 psi. 

Table 1 shows the experimental conditions and variables investi- 

gated for this feasibility study. The filter feed supplied by the 

Wilsonville SRC pilot plant was derived from Indiana V coal. It 

contains 4.30% ash and 1.04% sulfur. 

150 
150 
200 
150 
150 
175 
150 
200 
200 
150 
200 

DATA ANALYSIS 

The data were treated in the following fashion, according to a 

well known equation of constant pressure filtration: 

50 
50 
100 
35 
50 
50 
100 

50 
100 
100 
100 

where 

TABLE 1 

Experimental Variables Outline 

RUN 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

I MATERIAL 

None 
Celite 
Celite 
Bottom Ash 
Bottom Ash 
Bottom Ash 
Bottom Ash 
Bottom Ash 
Bottom Ash 
Bottom Ash 
Bottom Ash 

SIZES: MESH 

N/A 
1001325- 
lOOl325- 
100/325- 
100/325- 
1001325- 
100/200+ 
100/200+ 
100/200+ 
200/325+ 
200/325+ 

" C  1 PSI 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



208 SHOU ET AL. 

= viscosity of filtration at filtration temperature 

a. = average specific cake resistance 

W = weight of solid per weight of filtrate 

A p  = applied constant pressure differentia 

0 = filtration time 

w = weight of filtrate collected 

A = effect ve filtration area 

Rm = filter medium resistance to filtrate flow 

P = density of filtrate 

A linear plot of the experimental quantities versus W/A * 
gave the following results: 

paw = slope of the line 
~ A P P  

liRm = ordinate intercept 
APP 

The least squares method was used to find the equation of the 

straight line (hence the slope and intercept). The specific cake 

resistance (a) and the filter medium resistance (Rm) were then 

calculated. Values of ‘J1 and Rm for respective filter cakes and 

precoat media were then used as a basis for comparing coal bottom 

ash and the commercial filter aid. 

RESULT AND DISCUSSION 

Both the bottom ashes generated from Kentucky coal and a com- 

~- 

mercial diatomaceous filter aid were analyzed for their chemical 

and physical properties. The diatomaceous filter aid was Johns- 

Manville Celite 550. The analytical data are presented in Table 
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PRECOAT FILTRATION OF COAL LIQUID 209 

2. Bottom ash 1 was obtained from combustion of a 1:l blend of an 

Eastern and Western Kentucky coal. Bottom ash 2 and 3 are two 

narrow mesh cuts obtained from classifying bottom ash 1. 

In general, the coal bottom ashes had a grayish appearance due 

to a small amount of unburnt carbon. The difference in chemical 

TABLE 2 

Properties of Kentucky Coal Bottom Ashes and Diatomite Filter Aid 

ANALY S IS 

PHYSICAL 

% Moisture 
% Ash 
% Volatile Matter 

% Fixed Carbon 
Dens i ty (g/rnl) 
Color 

(Ignition Loss) 

CHEMICAL 

% SiOg 
% A1203 
% Fez03 
% Ti02 
% P2O5 
% CaO 
% MgO 
% (Na20 + K20) 

SCREEN SIZE, MESH 

% > 100 
% 100/150 
% 150/200 
% 2001325 
% < 325 

-- - 

BA1 

0.1 
95.8 

0.9 
3.2 
1.17 
Gray 

53.9 
28.2 
7.4 
4.14 
0.15 
1.16 
0.65 
2.23 

0 
0.3 
23.2 
22.3 
54.2 

OTTOM  ASH^ 

7 
0.19 
96.1 

1.0 
2.7 
1.15 
Gray 

60.4 
29.6 
7.3 
1.34 
0.29 
1.19 
0.64 
1.26 

0 
1.3 
98.7 
0 
0 

0.25 
96.6 

1.2 
2.8 
1.16 
Gray 

59.4 
28.4 
7.05 
2.32 
0.28 
1.20 
0.69 
2.43 

0 
0 
0 
100 
0 

DIATOMITE? 
CELITE 550 

0.35 
99.45 

(0.2) 
0 
0.45 

White 

89.6 
3.96 
1.37 
0.17 
0.30 
0.63 
0.73 
3.23 

5.98 
3.27 
9.16 
52.79 
28.80 

1. Ash from combustion of 1:l blend of Eastern and Western 

2. Johns -Manvil le Celi te 550. 
Kentucky Coal. 
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210 SHOU ET AL. 

composi t ion between diatomaceous and c o a l  ashes  i s  t h e  high a lu-  

mina, t i t a n i u m  oxide and i r o n  oxide c o n t e n t  i n  coa l  ashes .  By f a r  

t h e  most s i g n i f i c a n t  d i f f e r e n c e  i s  t h e  p a r t i c l e  shape and s u r f a c e  

c h a r a c t e r i s t i c s .  Scanning e l e c t r o n  microscopic  p i c t u r e s  showed 

t h a t  t h e  Cel i te  550 p a r t i c l e s  e x h i b i t e d  a v a r i e t y  of shapes and 

h i g h l y  porous s u r f a c e  c h a r a c t e r i s t i c s .  Coal bottom ashes exhib- 

i t e d  fewer v a r i e t y  of shapes and had a more r e f i n e d  porous sur- 

f a c e  s t r u c t u r e .  

The f i l t r a t i o n  r a t e  d a t a  a r e  p r e s e n t e d  i n  t h e  f a s h i o n  

d e s c r i b e d  p r e v i o u s l y  f o r  d i f f e r e n t  process  c o n d i t i o n s  i n  F igures  3 

t o  7.  F i l t e r  p r e c o a t  made from c o a l  bottom a s h ,  i n  a l l  t h r e e  par- 

t i c l e  s i z e  ranges ,  were a b l e  t o  y i e l d  i n i t i a l  f i l t r a t i o n  r a t e  com- 

p a r a b l e  t o  those  y i e l d e d  by u s i n g  d i a t o m i t e  precoa t .  

I n i t i a l  f i l t r a t i o n  r a t e  d a t a  a r e  presented  i n  Table  3. 

I n i t i a l  f i l t r a t i o n  r a t e s  were c a l c u l a t e d  from t h a t  p o r t i o n  of t h e  

l i n e s  c l o s e s t  t o  t h e  o r d i n a t e ,  y i e l d i n g  t h e  h i g h e s t  rates.  

I n i t i a l  f i l t r a t i o n  d a t a  are more a p p l i c a b l e  t o  r o t a r y  drum precoa t  

f i l t r a t i o n  where a l a y e r  of b l inded  p r e c o a t  and cake are con- 

t i n u o u s l y  removed. For l e a f  precoa t  f i l t r a t i o n ,  because of 

r a p i d l y  d e c r e a s i n g  f i l t r a t i o n  r a t e  due t o  both p r e c o a t  pore 

b l i n d i n g  and i n c r e a s i n g  cake r e s i s t a n c e ,  t h e  e n t i r e  s e c t i o n  of 

f i l t r a t i o n  l i n e  must be cons idered .  

The q u a l i t y  of s e p a r a t i o n  was e v a l u a t e d  by cons 

and s u l f u r  conten t  of t h e  f i l t r a t e .  These d a t a  a r e  

d e r i n g  t h e  ash 

p r e s e n t e d  i n  
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O0 

FIGURE 3: TEMPERATURE EFFECT ON SRC-I COAL SLURRY 
FILTRATION. 

Table  4 .  Both c o a l  bottom ash  and C e l i t e  p r e c o a t  were a b l e  t o  

reduce  ash  t o  much less than 0.1 w t . %  and s u l f u r  less than  0.7 

w t . % .  One experiment  was c a r r i e d  out  wi thout  use  of any p r e c o a t ,  

r e s u l t i n g  i n  an i n c r e a s e  i n  ash  c o n t e n t  t o  0.26%. However, 

f i l t r a t i o n  runs w i t h  p r e c o a t  made of 200/325 mesh c o a l  bottom ash 

produced f i l t r a t e  c o n t a i n i n g  unacceptab le  h igh  ash c o n t e n t .  This  

r e s u l t  s t r o n g l y  s u g g e s t s  t h a t  extremely f i n e  and narrow s i z e  range 

a s h  p a r t i c l e s  are not  a good f i l t e r  a i d .  
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0.55 
0.62 
0.60 
0.47 
0.54 
0.62 
0.50 
0.63 
0.60 
0.51 
0.52 

SHOU ET AL. 

89 

90 
-- 

-- 
-- 
89 
85 

84 
85 
87 

-- 

TABLE 3 

Initial Filtration Rate 

-- 
FILTRATION 

EXPERIMENT RATE 
RUN PRECOAT LB/HR/FT2 

1 None 
2 Celite-550 
3 Celite-550 
4 Ash 1001325- 
5 Ash 1001325- 
6 Ash 100/325- 
7 Ash 100/200+ 
8 Ash 100/200+ 
9 Ash 100/200+ 
10 Ash 2001325' 
11 Ash 200/325+ 

210 
90 
235 
154 
156 
141 
346 
119 
209 
206 
160 

TABLE 4 

Filtrate Quality and SRC Recovery 
Feed: SRC-1 Filter Feed Contains 4.30% Ash and 1.04% Sulfur 

EXPERIMENT 

RUN PRECOAT 

1 None 
2 Celite-550 
3 Celite-550 
4 Ash 1001325- 
5 Ash 1001325- 
6 Ash 1001325- 
7 Ash 100/200+ 
8 Ash 100/200+ 
9 Ash 100/200+ 
10 Ash 2001325' 
11 Ash 200/325+ 

FILTRATE ANALYSIS I SRC 
~- 
ASH wT.%* 

0.26 
0.06 
0.05 
0.02 
0.03 
0.02 
0.05 
0.05 
0.04 
0.26 
0.22 

* Analytical data indicated error limits of 0.01 to 0.02%. 

** SRC Recovery = 

Total filtrate weight collected 
Feed wt. - (Total cake wt. - total THF soluable in cake) 
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PRECOAT FILTRATION OF COAL L I Q U I D  213 

SRC product  recovery  was c a l c u l a t e d  when p o s s i b l e .  G e n e r a l l y ,  

a b e t t e r  than  85% recovery  i s  achieved.  V i s c o s i t i e s  of f i l t r a t e  

measured a t  100°C, 150°C and 200°C a r e  18.9, 6.2 and 2.8 cen- 

t i p o i s e ,  r e s p e c t i v e l y .  

The tempera ture  e f f e c t  upon c o a l  bottom ash  p r e c o a t  f i l t r a t i o n  

can  be s e e n  from F i g u r e  3. In g e n e r a l ,  t h e  h i g h e r  tempera ture  

reduces  v i s c o s i t y  and should i n c r e a s e  t h e  f i l t r a t i o n  r a t e .  Other  

f a c t o r s ,  such as  a ,  could o f f s e t  t h e  tempera ture  e f f e c t  over t h e  

tempera ture  range t e s t e d .  The i n i t i a l  f i l t r a t i o n  r a t e  is  not 

g r e a t l y  i n f l u e n c e d ,  but  secondary f i l t r a t i o n  r a t e  (beyond t h e  

s l o p e  change p o i n t )  fo l lows  t h a t  g e n e r a l  t rend .  Higher t e m -  

p e r a t u r e  ( > 2 0 0 " C )  experiments  w i l l  be c a r r i e d  out  i n  o r d e r  t o  

b e t t e r  assess t h e  tempera ture  e f f e c t .  

The e f f e c t  of p r e s s u r e  d i f f e r e n t i a l  on f i l t r a t i o n  i s  shown i n  

F i g u r e s  4 and 5. A t  t h e  tempera ture  l e v e l s  (150°C and 2OO0C), 

l a r g e r  p r e s s u r e  d i f f e r e n t i a l s  provide  a g r e a t e r  d r i v i n g  f o r c e  and 

hence h i g h e r  f i l t r a t i o n  r a t e s .  

Three d i f f e r e n t  p a r t i c l e  s i z e s  range c o a l  bottom ashes  (Table  

2 )  were used t o  make p r e c o a t s .  A s  i n d i c a t e d  i n  Table  4 ,  a l l  ash 

p r e c o a t s  except  t h o s e  made of 200/325 p a r t i c l e  s i z e  are e f f e c t i v e  

i n  s e p a r a t i n g  ash  and s u l f u r  c o n t a i n i n g  s o l i d s .  P a r t i c l e  s i z e  

e f f e c t  on p r e c o a t ' s  performance i n  f i l t e r i n g  l i q u e f i e d  c o a l  is  

shown i n  F igures  6 and 7.  A t  o p e r a t i n g  c o n d i t i o n s ,  p r e c o a t s  made 

o f  narrower s i z e  range ash  p a r t i c l e s  g ive  h i g h e r  f i l t r a t i o n  r a t e s .  

P a r t i c u l a r l y  t h e  precoa t  made of less than  100 mesh but  l a r g e r  
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214 SHOU ET AL. 

OO i., 10 20 x, 

W - ( l b / f t 2 )  
A 

FIGURE 4. PRESSURE DIFFERENTIA EFFECT ON SRC-I 
COAL SLURRY FILTERATION 

t h a n  200 mesh s i z e  ash p a r t i c l e s  g i v e s  a much h i g h e r  f i l t r a t i o n  

r a t e .  

A c l o s e  examinat ion of t h e  f i l t r a t i o n  r a t e  l i n e s  presenred  i n  

F igure  3 through Figure  7 r e v e a l  t h a t  most of l i n e s  are not 

s t r a i g h t  and t h e  d a t a  can be b e t t e r  r e p r e s e n t e d  by two s t r a i g h t  

l i n e s .  This  phenomena was a l s o  exper ienced  by o t h e r  i n v e s t i g a t o r s  
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PRECOAT FILTRATION OF COAL LIQUID 215 

COAT BOTTOM ASH PRECOAT FILTERATION 
PRESSURE DIFFERENTIA EFFECT 
FEED: SRC - I  FILTER FEED 

o,040 O050r------ TEMPERATURE. 200°C 

\ 
N, 

I 

L 

cr - 9 

FIGURE 5 :  PRESSURE DIFFERENTIA EFFECT ON SRC-I COAL 
SLURRY FILTERATURE 

(1) who concluded t h a t  t h e  s p e c i f i c  cake r e s i s t a n c e  i s  r e s p o n s i b l e  

f o r  t h e  change of s lope .  The d e f i n i t i o n  of 01 i s  

“1 ( 1 - E )  s o 2  
0 1 =  

P E3  
P 

where K1 = c o n s t a n t  and e q u a l s  4.167 f o r  random p a r t i c l e s  of 
d e f i n i t e  s i z e  and shape 

E = p o r o s i t y  of t h e  bed 
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C r  
5 0040- 

-14 
X 
3 
-I 
LL 

SHOU ET AL. 

0050  I 1 I 1 1 

COAL BOTTOM ASH PRECOAT FILTRATION 
FILTER AID SIZE EFFECT 
OPERATING CONDITIONS 

TEMPERATURE 200°C 
PRESSURE 100 E l D  

FEED SRC-I FILTER FEED 

FIGURE 6: COAL BOTTOM ASH PRECOAT PARTICLE SIZE 
EFFECT OF FILTRATION 

S o  = s p e c i f i c  a r e a  of t h e  s o l i d  p a r t i c l e  per  volume of 
p a r t i c l e  

p p  = d e n s i t y  of s o l i d  p a r t i c l e  i n  t h e  cake 

During a s p e c i f i c  exper iment ,  t h e  “ c o l l a p s e ”  of cake bed may 

occur  and thus  a l t e r  p o r o s i t y  of t h e  cake bed. The cake 

c o m p r e s s i b i l i t y  may be f u r t h e r  examined v i a  t h e  fo l lowing  

r e l a t i o n s h i p  
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C 0 5 0 r  I I I I I I 

v “ C  I 0030 

t X 
3 _I 

L L  

t v) 

E 
z 0020 

COAL BOTTOM ASH PRECOAT FILTRATION 
FILTER AID SIZE EFFECT 
OPEHAT ING CONDITIONS 
FEED: SRC-I  FILTER FEED 

PRESSURE 50 PSlD 

W m 
Lz w 

O U l O  

I I I 1 I 
10 20 30 

W n ( Ib/ft 2 )  

FIGURE 7-COAL BOTTOM ASH PRECOAT PARTICLE SIZE 

EFFECT ON FILTRATION 

a = a’ ( a P ) Y  

where a‘ = a constant dependent on particle size 

y = cake compresibility 

The above equation may be rewritten in the following form; 

En a = Rn a’ + y Rn AP 

Cake compressibility values may be obtained from the slope if 

one plots Rn a vs. En AP. Such a diagram is shown in Figure 8. 
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28 0- 

27 5- 

27 0 -  

0 2 6 5 -  
t - 

I I 
COAL 83TTOM ASH PRECOAT FILTRATION 
FILTER CAKE COMFRESSIBILITY 
FEED SRC- I FILTER FEED 

In A p  

FIGURE8 : FILTER CAKE COMPRESSIBILITY OF 
SRC- I  SLURRY 

I t  is  seen  t h a t  cake c o m p r e s s i b i l i t y  a t  200°C is 

0.76 a t  150°C. This  i n d i c a t e d  a h i g h l y  compress ib le  

formed dur ing  t h e  f i l t r a t i o n  of SRC-1 l i q u e f i e d  c o a l  

exP 

t h e  

0.98, and 

cake i s  

This  

a i n s  why f i l t r a t i o n  r a t e  i n  a l l  c a s e s  s t u d i e d  drop r a p i d l y  as  

cake s t a r t s  t o  b u i l d  up. 

Table  5 shows t h e  s p e c i f i c  cake r e s i s t a n c e  and medium ( p r e c o a t  

p l u s  S.S. suppor t  p l a t e )  r e s i s t a n c e  c a l c u l a t e d  from s l o p e  and 

i n t e r c e p t  accord ing  t o  t h e  f i l t r a t i o n  equat ion .  These v a l u e s  a r e  

c a l c u l a t e d  u s i n g  only t h e  f i r s t  s e c t i o n  of t h e  f i l t r a t i o n  l i n e .  

Medium r e s i s t a n c e  d a t a  i n d i c a t e s  t h a t  p r e c o a t  made of c o a l  bottom 

a s h e s  o f f e r s  no more r e s i s t a n c e  than  do t h o s e  p r e c o a t s  made of 

d i a t o m i t e .  
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PRECOAT FILTRATION OF COAL LIQUID 2 19 

EXPERIMENT 
RUN 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

TABLE 5 

Precoat Filtration Parameter 

SPECIFIC CAKE 
RE S I STANCE 

a x 10-11 ft/lbm 

3.56 
2.13 
4.83 
1.59 
1.59 
3.69 
2.98 
2.49 
6.17 
7.23 
5.87 

MEDIUM 
RESISTANCE 

Rm x 10-l' l/ft 

4.43 
13.9 
23.5 
6.0 
8.02 
13.8 
7.22 
23.2 
26.4 
12.1 
34.5 

SUMMARY 

Coal bottom ashes, simply crushed to about 100 mesh size, can 

be used as an economical filter aid in a coal liquefaction solid 

separation process. Experimental results show that precoat 

pressure filtration using bottom ash precoat yield filtrate con- 

taining ash less than 0.1 wt.% and sulfur less than 0.7 wt.%. 

These low ash and sulfur contents will meet the Environmental 

Protection Agency's combustion emission standards. However, pre- 

coat made of extremely fine and narrow size range ash particles 

shows an inability to give an effective separation. Filtration 

rates generated from ash precoat filtration are comparable to 

those rates obtained using diatomite precoat. Precoat made of ash 

particles larger than 200 mesh but smaller than 100 mesh were able 
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220 SHOU ET AL. 

to improve the filtration rates while maintaining excellent solid 

separation efficiency. Also, results show that the ash precoat 

medium resistance is approximately the same as that of diatomite 

precoat. 

This study has demonstrated that coal bottom ash is an 

excellent substitute for traditional diatomaceous filter aid. By 

utilizing coal bottom ash as a filter aid, not only is precoat 

filtration process economy significantly improved, but also there 

will be no foreign material to contaminate the filtration pro- 

ducts. Filter cake may be used as a supplimental solid fuel and 

ash may be recovered for recycling. 
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